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I. Introduction 

At the last air cleaning seminar we prosented a preliminary report 

of our studies on electrostatically chnrgod aerosol filterr. At that 

time via outlined some basic concepts of eloctrostntics such as methods 

for producing static electricity, mechanisms of charge reduction and 

measuromont of charge. In addition, vie reviewed oxirting information on 

the nature and behavior of the rosin-wool filter. In this paper y;o shall 

attempt to bring you up to dato on the results of our continuing research 

. . 
on the electrostatic affects in fiber filtors. 

, 

II. kporimontnl Studios on the Effect of Aerosol Charro on Filter Efficiorcv 

A. Apparatus and Procedure 

The electrical machanicm of removal in a dry fibrous filter is 
. 

related to the electrostatic force between the aerosol and the collecting 

surface. This force may be either a Coulomb or a polarization forcol. 

Tho Coulomb force exerted on an aerosol particle possessing a chargo Qp 

in an‘olectric fiold of intensity E surrounding a charged fiber.is as 

f 011 ov;s s ** 

F,= E 
B I 

* Sonior Sanitary Engineer, U. S. Public Hoalth Service on assignmont 
from tho Environmental Health Contor, Cincinnati, Ohio 

+w The units ucod are in the "unrationnlizod" cgs or Gaussian system. Thot is, 
F is in dynoc, E in statvolts/crn, Q in statcoulombs, and r in centimeters. 



. 
The field E nt a diUtnnoo r from tho axip of a. long Glondor fibor charCod 

. 

uniformly with Qf units of charge por contfmotor of langth is as followsr 

Since tho rolntivo dielectric constant k for air i6 nearly 1, the Coulomb 

force experienced by the aerosol particle in air ist 

F* = 2Q,Qf 
r . 

Thus, the romovnl force is a function of thk product of the charge on the 

individual pnrticlo and the chnrgo on the fiber. 

If Fc'is negative, the particle6 tend to move from the aorosol stream 

onto the collecting SUrfQCO, the not effect being an increase in filtering 

efficiency. Conversely, a positive value would indicate a lowering of 

effioioncy. . . 

In tho case whom one of the component's is charged and the othor is a ‘ 

dielectric, the force between the two may be a polarization force2. An 
T 

uncharged pnrticlo who60 dielectric constant differs from that of the 

surrounding medium oxperionces a net force when placed in a non-uniform 

electric field. 
. 
. 

Considar an unchnrged partiole in the non-uniform field E surrounding 

. . a long olondor charged fiber’in air. Tho inductive force on a particle of 

volume V and af dielectric constant k is as 'follows: 

Fp = (k-l.)VE 22 
477-- .p - 

whoro r is tho radial distance from tho fiber. 

Thus, the aollocting force on a dielectric pnrticlo is rolatod to the 

absoluto value of the oloctric field surrounding tho chargod.fibor, ~8 ~011 

a6 the field gradient. The-motion of tho prticlo vii11 bo in direction of 
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the greatest field ctrength, that is, towrds the fibor., rogordloss of the 
. 

. polarity of the fiber. Since E = 2'2f', Fp = (k-l)dzQt'z whore .d is the 

r -ST 

particle dinmotor. 

An evaluation, therefore, of the rolo of olootrostatics in filtration 

must concern itsolf with two components - partiale charge and fibor chrgo. 

In. this study we hsvo divided our investigations into two phasos. Tho 

first phase is concerned with tho offeots of particle churgo on the filtration 

officioncy of an initially uncharged fibor filter. The remainder of this 

papor deals principally with this aspect and will include a description 

of the 'cost procedure, apparatus and results. 

. 
The second phaso isconcerned with the effect. of charged fibers on 

the officioncy of filtration of uncharged aerosol particles. Some exploratory 

work on this nspoct has been initiated, and brief mention will be mado of 

tests in progre6s. / 0 

a) Aerosol generator '. 

. FigurG 1 shows the general layout of the entire test assembly. A 

15 inch diameter steel drum- open at the top houses a *constant speed motor 

driving a horizontal 4 inch diameter brass disc.* From an overhead constant 

head tmk, a solution of 0.1 percent mathylene blue in 95 porcsnt ethyl 

alcohol is fed'through a hypodermic needle onto the center of tho disc. The 

resulting thin liquid film is contrifugod off the edgo to form a fine liquid '. 

spray consisting of droplots of two distinot sjzos; tho main droplets and tho 

satellites, of approximately l/3 tho size of tho main onos. Tho diamotor of 

tho main droplets is a function of tho rotational speod, radius of tho diso 

and physical chnrnctoristics of tho liquid. An induced downward flom of air 

c- 

* Tho aerosol was gonoruted by n spinning 
unit doveloped by !';alton & Prow~~i;t~. 

disc sprnyor adapted from the 

I 
. _. . 

_ , -. .I 
_ ‘, 

. 
. . . . . . - . . 

a.* .I ‘I 
, 

. . ., , 

.I_. I., I ._I -m-,-v 



through the drum intorcupLs the sutollito; nnd convoys them into tho inlot 
. 

of tho 5 l/4 inch test duot. Contact with dry roo;n air rosults in tho 

evaporation of othnnol from thoso droplots and solid spheres of mothylene 

bluo are foriulod. Pnrticlo size distribution, determined by moans of a Cascade 

Tmpactor -having a molecular filter (W or Milliporo Filter)* as the fifth 

stago, showsd tho aerosol to have a mass median dinmoter of 2.0 p and a 

goonotric standard doviation of 1.3. Loadings could be varied from about 

0.1 to 1.7 mgs. per cubic meter with good reproducibility. 

A Stnirmand disc And diffuser scraou are provided in the duct to insure 

uniform cross-sectional distribution of tho aerosol. 

b) Aerosol charging device 

The aerosol is charged by means of an ionizer section containing 

a series of electrodes consisting of fine’wiros and coplanar brass cylinders. ' 

h direct current powr supply furnishes controlled voltages up to 12,000 
‘ 

volts and ion currents up to 150 microamperes. A unipolar corona discharge 

is established botwon the wire and cylinder electrodes. Particles entering 

the elactric field between.the wire and cylinder are charged as a result of, 

'bombardment of ions having the samo polarity as the kire. The emerging 

aerosol, thoroforo , possesses a charge having p redominantly the same polarity 

as the discharge olectrodo. Aerosol c'nnrgo could be varied from test to test 

by varying the ionizing voltage and currant. 

c) Srm?linf: 

Sampling probos placed oh either side of the test filter porrnit 
1 .. 

determination of filtration efficiency. The filtor medium in the' sampler 

is a 1.T (Hyd rocol.Aosny Typo) having an efficiency of opproximatoly 100 _ 

parcont. Tho canpliny, rate was 5 liter-c por minute. 

9 LoVoll Chemical Company, y;atorto-U*m 72, Kassachuaotts 
-'. . 
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. 
'b4ass concontrntion of mothyleno bluo norocol colloctod by tho samplers 

239 

is deturminod by dissolvin, v tho ,molacular filter in acetone, adding ethanol 

to dissolve the msthylono blue and andyzing the solution cblorimotrically 

on a Klett colorimotor. 

d) Aerosol charge mcasuremont 

Tho filtor medium used in thesc tests was 50 p diameter glASt3 

fibers packed to a density of one pound per cubio foot. The filter was 

5 l/4 inches in diamotcr and 1 inch thick. Aerosol chnrge monsuromonts 

wore made with a Faraday cage consisting of an 8 inch long brass collar 

- around a Lucite filter holder as shown in Figure 2. A Rawson electrostatic 

voltmotor of low capacitance and high leakage rosistanco is connected to 

the Faraday cylinder. The capacitance of the entire electrical system 

including the meter is dotermined by a capacitance meter*. &lectrical 

shielding of'the measurement unit eliminates the effects of stray oloctric 
4 

fields and capacitance. Critical parts of the test assembly are carefully 

I grounded through conductors using soldered connections. 

Tho product of the capacitance of a body and its potential equals its 
. 

charge. Thercforo, the collection of aerosol part'icles on the test filter 

is reflacted by a steady change in voltage roading. Thus dddt = C dV/dt**r 

that is, tho product of the cylinder voltage change and the capacitance of 

the cystom is a measure of tho not charge of collected aerosol por unit of 

time. Appropriate corrections are made for the charge carried by air ions, 
. 

. atmos?horic dust and alcohol vapor. 

Y~70vrlng tho aerosol concentration upstream of the filter, 'as dotermincd 
. 

by tho upstream sampl.er, it is possible to CAlCUlAto the weight of methylone 

blw collcctcd on the filter after oorrocting for monsurod filter efficiency. 

I 
I 

l.l-- 

* C~rtr~:,al Rbcldio 1612h1, R-F Cupacltunco Kotur 0 to 100 Hylf’. 
YY Xnoro Q lo in Statcoulombs, C in Statfnrndo and V in Statvolts. . . . . I. . .,. ' . . I . I . . . 
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From theso dntn the rutio of churga -to mn6s In terms of statooulombs por . 

gram csn bo ctilculntod. Since the modian pnrticlo 6izo is known, a reasonably 

accurate approximntion of tho avoraga electron chnrgo units per particle can 

be obtained. 

B. Test Results 
. 

Two sorios of runs were mnde, one with positively charged particles 

and the other with nagativaly charged particles. The suporficinl filtering 

velocity w-as 33 foot per minute with a filter resistnnco of 0.024 inches w.g. 

Aerosol loading rangod from 0.10 to 0.65 mgs/cubic motor for negative nerocol 
. 

tects, and 0.19 to 1.7 mgs/cubic meter for positive aorosol tosts. Although 

the filter used for the negative aerosol was a.different one from that used 

with tho positive aerosol, the'medium, packing density, filtration velocity 

and resistance were quite similar. 

1-t will bo noted that the filter officioncy at zero chnrgo wa6 different * 

for the two filters. This is of little significance since those tests were 
c 

concerned only with the relative offeot of aerosol charge on penetration. 

The shape of the Curvos in Figures 3'and 4 indicate that the filter 
l 

efficiency gradually increases with aerosol charge from an initial value at 

zero charge to a maximum value, remriining constant with increasing aerosol 

charge. The results are,similor in tho case of the positive and negative 

a'ero6ols. 
. 

Tho,ma;rimu:n increase in portent removal duo to charge in either case is 

= 12.4% for the negative aerosol, and 

= 12.7$ for the pocitivo aerosol. Also noteworthy i'r, the fnot 

that, with either polarity, the maximum efficiency is roached at an aerosol 

'I charge of about 2 x 105 6tntcoulombs per gram. , 

Tofit rosultr; can bo oxplclinod as fo?lowsr Tho initial or "zero chargo" 



WASU-l-[O . ! 2L . 

pwotratio.n through tho filtor ic dotqrmined by its .inhoront mechanical . 
. 

filtrntion efficiency. AS filtration timo incmnsos, tho doposition of chargod 

partioleo on tha filter gradually caunos it to become charged. As thir filtor 

chargo incrensos, tho olactrio fiold nt the filter surface becomas moro intense. 

Thus ,.opproaching chargod pnrticlos experience an inoroasing Coulomb repulsion 

until tho electric field is suffioiently high to rotard or rope1 oncoming 

porticlos. 

For the purpose of this discussion let us assume that the filter surface 

roprosents a uniformly chargod infinito plane. This, admittedly is an over- 

'simplificntion of tho fiold conditions, but nevertholoss it is R limiting 

4 o&se . Thent E = 2/7s where E 
y 

= Electric field intensity 

C= eleotric chargo density at filtor surface 

. k & dielectric constant = l.for air. 
- ..____- - 

Since the repulsive foroo F, on an approaching partial0 with a chargo of 

I 

, 

Q, is as follor?s: Fe = EQp, thon Fe = iff/d.C$ butt =dQ*t whero 
-. --- 

AQ i6 the filter oharge'incromont per unit of tike. 
A 

Therefore Fe = 27i"dktmQp 
1.k . 

This electrical replusion ORUSOS the prticlis to decelerate. Eioxaver , 

as the particles 61oW do;;n the visoous drag force of the airstroam on the 
. 

partiolo incroa6os as folloxsr . . 

Fd = 3r7d*AV - Fd = drag force, 

7 = viscosity of air 
. 

. d = particle diamator 
. . 

AV = velocity of particle 
relative to the air-stream. 

S&o F, = Fd = 3fl.d AV, Av(fI;m) = (2.6 x 105)AQ*t*g 

Valuoc of AV during filtration of pcci tivo aorosols of relatively lorr 

and high chat-go ruspockivoly ware caloulatod and plotted in Figuro 5. It * _ .- .--.- I ._. -. . . .,I. , * :'..‘; . <. 8 . . 
.: . 

. 
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. 
will bo xxot,qQ that the repollin, '.._. _ r offoot of tho f'iltor,.ns it gradually . . 

. 
&comes charged by virtue of dopositod chargod partiolos, is of significant 

mngnitudo. This reduction of particlo velocity roducos filter ponotration 

since it incroasos the effoctivoness of such removal factors a6 gravitnfional, 

diffusiopsl and electrostatic forces normally operating in mechanioal 

filtration. The repellin g effect in the case o f tho more highly charged 
* 

aerosol is much more marked. 

Fros a comi>arison of the slopes of tho two curves it may be inferred 

that at aorosol charge valuas slightly higher than 2.2 x 10' Statcoulombs 

por gram the repulsion effect of tho filtor reaches a maximum. It follovr, 

thorofore, that boyond this point filter efficiency assumes a oonstant 

maximum value. This is in general agreement vrith'oxperimontul rosults shown 

.in Figure 8 which indicate that percent removal of aerosol roaches a maximu;n . 

at an aerosol oharge of about 2 x 105 Statcoulombs per gram. 

The abovo explanation i6 bnsed‘on the assumption that the filter 

represents a.uniformly charged infinite plane. The aotual &ape and 

intensity of the electric field at the surface of the test filter ismore . . 

complex than this. The actual charge density at the-filter face is lower 

than asswod, and thoreforo the eleotrostctic effects are less mrkod. 

Kovor$holoss, theso figures servo to domonstrate the general character of 

these effects and howthog vary with aorosol chQrg;O. 

The-failure of the filter to attuin a removal value closer to.100 
I 

portent may bo attributed to the fact that tho test aerosol &s not completely 

honogoneous in size and not unifortrky chargod, consequently, there exintod 

partiC possoscing a chargo bolovr,tho critical valuo. . 

III. . Effect of Fibor C:hcry,o on Filter Penetration 

1.3 IWn~iOnfJd proviously, the eloctrontntio~mochnnism in filtration 
, . . ..I. .$. .( : . .:, Y ., ,I 

' 
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‘,involVoS two components - the partlclo chnrgo and the f5bot char-go. Tho . 

for~~?ar wns discussod above, howvor, tho fiber char-go effects may be of 

equal or greater importsnco. 

The attraction of airborne, dust and lint to synthetic fibers and fabrics 

during textile processing operation6 suggests the uso of theso media in 

aerosol filters. Tha new synthetic fiber6 are knosnl to develop and retain , 

high static chnrges and this aerosol collection ability is rolated to 

electrostatic forces. 

Before initiating tests to determine the significance of fiber char-go 

on filter performance it was necessary to devise techniques for both pro- 

ducing electrostatically chargad fibers nnd for measuring such charges. The . 

method developed for charge measurement involved the Faraday effect (Figure 6). 

Tho Faraday cylinder described previously is connected to a Ravrson electrostatic 

voltme'ier in parallel with a calibrated air capacitor as a ranga extender. , 

It was observed that by briefly rubbing a sample of certain plastic fibers , 

and dropping it into the Faraday cylinder a substrlntial deflection on 

the voltmeter could bo obtained. The product of this voltage and the 
i . 

total capacitance 0 f the'syston is equal to the not charge on the fibers 

in units of statcoulombs per gram. 
. 

-.._ 
Figure 7 shows the results of two tests made with 70 p Saran fibers. 

In Test $1 the fibers were hand rubbed, vrilbrsas in tho seoond test the 

charge was gonsratod by rolling the fiber mass in a glass cylinder. 

It will be notod that chnrge‘decreaees exponentially with weight. 
1 

Plottod on log-log papor-, the average slope of theso curvo6 is -0133. 

Analysis of these data disclosed that thoso results are in close agreo"yjnt 

with the thooroticul relationship botwoon mass and the ratio of charge to 

m~sr; for a sphcro having a uniform chargo donsity on its surface. A conpnr&ble 
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. 
plot of this-;olut;ionshi~.rould yield a I'ine with a 610~0 of -0.33. 

Those results ropwsoni; ox!>orIr::ontnl vorificntion of tho fact thnt jn 

charging fibers in this mannor, esscntinlly thd not chargo is distributed 

on the outer surface of tha fibor wad, since tribo-electrification can occur 

only at the contact surface botwaen tho wad and the hand or glass cylinder. 

This method of char&in& thoroforo was not considered satisfactory a6 it 

'did not distribute the chnr~o throughout the filter mass. Another tochniqua 

was davisod in which the fibers waro electrostatically charged by means of a 

. set of wool hand carders. It ~6s obscrvod that after several strokos of the 

hand cardars Saran fibors became highly chsrgod. The mochanicn involvod in 

this method is likev,isa tribo-slectrification. In 2 series of tests, known . 

weights of Saran fibars were hand carded and droppod into the Faraday cage. 
* 

From the voltago rending and capncituncs the fibor charge was calculntod. 

The results are she-m in Figure a., Each point ro?resents an average of 5 

men sursnonts . 

The significant conclusions to be derived from these risults are as 

follows : . 

1. The plot of Q/X vs Q is based on 2 series \f measurements made 

on different days. Since tho points fall very close to the line it is 

evident that the procedure is quite reproducible. . 

2. The values of charge obtained by this method aro about 18 times . 

highor than the previous mathod involving rolling in a glass cylinder, 

thus dornonstrat ing the g-cater effoctivaness. of this tochniquo for charging 

/ " 
the fibers. 

3. Tho calculated VAlUO of niaxitnuzn surface chnrgo donsity on the . 

fibers is 0.S statcouionbs ?or cubic motor which coapnros quits favorubly 

with roportcd values of about 0.6 oncountorcd in industrial pructico, s:ld 



2.0 for-chnrgiw bolts of Vun do Grunff.olocl;fost;utic. gonoratoro5. 
. 

In ono series of tosts tho samplus we)ro carded with 40 strokes v.%ila 

in tha othor 20 strokes wora usod. It was subsoquontly dctormined that 

those high valuos of fibor chargo could bo ronchod aftor only 3 or 4 strokes 

. 
of tho hand cnrdors. Thus it was ooncludod thnt thaso recultr; raprosontod 

the limiting.chnrga doncitios attsinablo by this technique. 

Since this mothod of charging the pibars is rolativoly simple, roproduciblo, 

and cnpablo of gonorbting satisfactorily high c!aar;;a lovol? it ~11s adopted 

a~ standard procedure for this phase of our studios. 

IV Conclusior 

It is planned to construct fibor filters chargod in this manner to 

dotermine tho relationship betvoon charge intensity end aerosol removal 

. officionoy. Also of intorost till bo tho life of such c. ohE;rgo and its 

variation, if any during operation. From such investigations it in hoped to 

. obtain a bottor understandin, p of the electrostatic offects,in norocol 

filtration. 
. 

. 
* 
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Figure 7. Relation Betvioon Chargo/%ass and Zaos 
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